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Description 

Bac kgro undqfjhe [nyentbn 

5 The nature of autoantigens responsible for autoimmune disorders is not known, nor is the action which triggers 

the autoimmune response. One theory involves the similarity of a viral protein to a self antigen, which results in auto- 
reactive T cells or B cells recognizing a self antigen. Whereas B-lymphocytes produce antibodies, thymus-derived or 
■T-cells" are associated with cell-mediated immune functions. T-cells recognize antigens presented on the surface of 
cells and carry out their functions with these "antigen-presenting 1 cells. 

10 Various markers have been used to define human T cell populations. CD4 is a non -polymorphic surface glycopro- 

tein receptor with partial sequence identity to immunoglobulins. CD4 receptors define distinct subsets of mature pe- 
ripheral T cells. In general, CD4 T cells express helper or regulatory functions with B cells in immune responses, while 
T cells express the CD8 surface antigen function as cytotoxic T cells and have suppressive effects in immune respons- 
es. The CD4 receptor consists of a signal peptide, a 370 amino acid extracellular region containing four tandem im- 

15 munoglobulin-like domains (V r V 4 ), a membrane spanning domain, and a charged, intracellular region of forty (40) 
residues. 

Since T-cell receptors are thought to augment or modulate T-cell response, they present a potential target for 
immunological intervention. One approach to the treatment of autoimmune disorders involves monoclonal antibodies 
specific for CD4 receptors. Murine anti-CD4 monoclonal antibodies appear useful in the treatment of rheumatoid ar- 

20 thritis as disclosed in Hertzog, C. et al. Lancet, page 1461 (December 19, 1987). Murine antibodies, however, have 
characteristics which may severely limit their use in human therapy. As foreign proteins, murine antibodies may elicit 
immune reactions that reduce or destroy their therapeutic efficacy and/or evoke allergic or hypersensitivity reaction in 
patients. The need for readministration of such therapeutic modalities in autoimmune disorders increases the likelihood 
of these types of immune reactions. 

2S Chimeric antibodies consisting of non-human antigen binding regions joined to human constant regions have been 

suggested as a means to circumvent the immunogenicity of murine antibodies See e.g. PNA_S, 81:6851 (1984) and 
WO-A-86/01533. Since the constant region is largely responsible for immunogenicity of an antibody molecule, chimeric 
antibodies with constant regions of human origin should be less likely to evoke an anti-murine response in humans. 
However, it is unpredictable whether the joining of a human constant region to a nonhuman antigen binding region of 

30 a desired specificity will reduce immunoreactivity and/or alter the binding capabilities or the biological activity of the 
resulting chimeric antibody. Furthermore, immunoglobulin constant regions exist as a variety of isotypes, which are 
responsible for different effector functions. Therefore the biological activity of chimeric antibody will depend on the 
isotype of the constant regions as well as the nature of the antigen-binding regions. 

Not all anti-CD4 monoclonal antibodies bind to the same CD4 site or domain, and the site to which a particular 

35 monoclonal antibody binds may significantly affect its biological activity, e.g., its immunomodulatory activity, or its ability 
to block the binding of HIV to CD4 cells, for example. 

WO 92/05274, WO 91/09966 and Reiter et al (1990), Immunobiology, 181 : 219-220, Abstract No. J.8 disclose 
humanized monoclonal antibodies, but do not disclose, suggest and/or enable the chimeric immunoglobulins of the 
claims. 

40 

Summary of the Invention 

This invention pertains to chimeric immunoglobulins specific for a CD4 receptor and able to: (1 ) induce sustained 
depletion of CD4 + T cells, and/or (2) compete with the M-T151 mAb for binding to CEM cells. The immunoglobulin of 
45 the invention comprises a variable or antigen binding region of a non-human origin specific for CD4 receptor and a 
constant region of human origin. The invention also covers pharmaceutical compositions containing the immunoglob- 
ulins and their use for the manufacture of medicaments for the treatment of diseases and disorders mediated by CD4 
positive cells. These antibodies are useful as therapeutic agents for autoimmune disorders, and other diseases or 
disorders mediated by CD4 positive cells. 

so 

Brief, Q§ s _criptiqn_of_the Figure 

The figure shows the plasmids for expression of the chimeric chains of the chimeric anti-CD4 antibody. 

55 Detailed Description of the Invention 

The present invention relates to a method for producing a CD4-specific chimeric immunoglobulin comprising an 
antigen binding region of non-human origin and a constant region of human origin the chimeric immunoglobulin being: 
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(1 ) capable of inducing sustained depletion of CD4 + T cells, and/or (2) able to compete with the M-T1 51 mAb for binding 
to CEM cells. 

In another aspect, the invention relates to a chimeric immunoglobulin comprising: 

5 a. at least one chimeric heavy chain comprising an antigen binding region derived from the heavy chain of a non- 

human immunoglobulin specific for C04 receptor linked to at least a portion of a human heavy chain constant 
region, the heavy chain being in association with: 

b. at least one chimeric light chain comprising an antigen binding region derived from a light chain of the non- 
human immunoglobulin linked to at least a portion of a human light chain constant region, the chimeric immu- 
10 noglobulin being: (1) capable of inducing sustained depletion of CD4 + T cells, and/or (2) able to compete with the 

M-T151 mAb for binding to CEM cells. 

The human heavy chain constant region is preferably of the IgGI isotype. The chimeric light chain comprises an 
antigen binding region derived from the light chain of the non-human antibody linked to a human light chain constant 
f$ region. The human light chain constant region is preferably of the Kappa isotype. 

The present immunoglobulins can be monovalent, divalent or polyvalent. Monovalent immunoglobulins are dimers 
(HL) formed of a chimeric heavy chain associated through disulfide bridges with a chimeric light chain. Divalent immu- 
noglobulins are tetrameres (HgLg) formed of two dimers associated through at least one disulfide bridge. Such divalent 
immunoglobulins are preferred for biological activity. Polyvalent immunoglobulins can also be produced, for example, 
20 by employing heavy chain constant regions that aggregate (e.g. IgM heavy chains). Chimeric immunoglobulin frag- 
ments such as Fab, Fab', or F(ab') 2 can also be produced, and may be particularly useful for some applications. The 
non -human antigen binding regions of the chimeric immunoglobulin are derived from immunoglobulins specific for CD4 
receptors. Preferred for biological activity are antibodies of the invention that exhibit high affinity binding to a CD4 site 
encompassing residues within both the \A, and the V 2 domains. Preferred are antibodies of the invention that exhibit 
25 high affinity binding to CD4, preferably a Ka of at least lO^M' 1 , more preferably at least K^M -1 . 

The chimeric anti-CD4 monoclonal antibodies of the invention will preferably bind specifically (with high affinity) 
to a site encompassing residues in both the extracellular and V 2 domains, a site distinct from the Leu 3a site and 
the OKT4 site. 

A preferred chimeric murine-human MAb of the invention, designated CM-T412, and murine antibody M-T151 
30 disclosed in J^of.Aujommuriity 2, 627-642 (1 989) are believed to be directed to substantially the same CD4 binding 
regions. The binding specificity of M-T151 for CD4 has been mapped to an epitope encompassing residues in both 
the extracellular V-, and V 2 domains of the CD4 protein by crossblocking analyses and specific binding to truncated 
recombinant CD4. Peterson et al., Cell 54:65-72 (1988); Ashkenzi et al. ( Roc. NatL_Acad_. Sci. USA 87:7150-7156 
(1990); Healey et al., J._Ex. Mjes.cL 172:1233-1242 (Oct. 1990) and Sattentau et al., J. Ex. Med". 170:1319-1334 (Oct. 
35 1989 ; Ryu et al., Nature 348:419-426 (1990) and Wang et al. Nature 348:411-418 (1990) Mapping of anti-CD4 mon- 
oclonal antibodies to the CD4 receptor is complicated by the fact that many important CD4 epitopes appear to be non- 
linear, conformational epitopes. Much information about CD4 epitopes comes from cross blocking studies and other 
analytical procedures as described in the foregoing references, the teachings of which are hereby incorporated herein 
by reference. 

40 A competition study was carried out to compare CD4 binding of murine M-T412 and murine M-T151 . The experi- 

ment was performed two ways: (1) 1251 M-T412 competing with increasing concentrations of unlabeled M-T412 and 
M-T151; and (2) 1261 M-T151 competing with increased concentrations of unlabeled M-T412 and M-T151. Results 
indicated that M-T151 and M-T412 cross comeete for binding to CEM cells to the same extent and with similar binding 
kinetics. This suggests that the most efficient inhibition results from direct competition for the same or adjacent epitopes. 

45 Sattentau et al., Science 232: 1 120-1 123 (1 986) Preliminary cross blocking data with a panel of anti-CD4 monoclonal 
antibodies suggest that the epitopes to which M-T41 2 and M-T151 are directed are substantially the same but probably 
not identical. Accordingly, a preferred chimeric murine-human anti-CD4 antibody of the invention is one which com- 
prises murine variable regions substantially similar to those of murine clones M-T412 or M-T151, most preferably an 
intact divalent immunoglobulin which also comprises a human Fc regions of the IgGI isotype. 

50 The present cM-T41 2 chimeric anti-CD4 monoclonal antibody is further preferred as being directed to a conserved 
CD4 epitope. A binding study of CM-T412 with peripheral blood from 50 normal donors representing both sexes and 
an ethnic mix, suggested that cM-T41 2 binds to a conserved epitope, since all samples exhibited the same magnitude 
and kinetics of immunoreactivity. 

Preferred chimeric anti-CD4 monoclonal antibodies of the invention are those which will competitively inhibit the 

55 binding to CD4 receptor of a chimeric anti-CD4 monoclonal antibody substantially similar to CM-T41 2. Quantities of 
the CM-T412 antibody, designated "c128 D , are deposited as a reference standard at Centocor, Malvern, PA, USA, and 
at the American Type Culture Collection (ATCC), Rockville, MD, USA on December 21 , 1 990 and received ATCC No. 
40942. CM-T412 (c!28) is a chimeric monoclonal antibody produced by cell line C128A, which is on deposit as a master 
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cell bank in the Centocor Cell Culture Research & Development Depository, Malvern, PA, USA, and at Centocor BV, 
Leiden, The Netherlands. The cM-T41 2 chimeric murine-human monoclonal antibody is a specifically preferred em- 
bodiment of the invention. The teaching of Muller, R. (1983), "Determination of affinity and specificity of anti-hapten 
antibodies by competitive radioimmunoassay", Methods jn Enzyjnqtqgy 1192:589-601 , with respect to methods for de- 

s termining competitive inhibition of monoclonal antibody binding, is hereby incorporated herein by reference. 

Preferred immunoglobulins are produced by antibody-producing cell lines which may be hybrid cell lines commonly 
known as hybridomas. The hybrid cells are formed by the fusion of an anti-CD4 antibody producing cell and an immor- 
talizing cell line, that is, a cell line which imparts long term tissue culture stability to the hybrid cell. In the formation of 
the hybrid cell lines, the first fusion partner - the anti-CD4 antibody producing cell * may be a spleen cell of an animal 

10 immunized against a CD4 positive T cell or a biological preparation comprising CD4. Alternatively, the anti-CD4 pro- 
ducing cell may be a B lymphocyte obtained from the spleen, lymph nodes or other tissue. The second fusion partner 
- the immortal cell - may be a lymphoblastoid cell or a plasmacytoma cell such as a myeloma cell, itself an antibody 
producing cell, but also maligant. 

Murine hybridomas which produce CD4 specific monoclonal antibodies are formed by the fusion of mouse myeloma 

is cells and spleen cells from mice immunized against human CD4 positive T cells, purified CD4, or other biological 
preparations comprising CD4, or a component thereof. For example, a preparation comprising P815 mastocytoma 
cells transfected with human CD4 cDNA was used successfuly in the Examples. To immunize the mice, a variety of 
different protocols may be followed. For example, mice may receive primary and boosting immunizations of CD4 pos- 
itive T cells or recombinant CD4. The fusions are accomplished by standard procedures well known to those skilled in 

20 the field of immunology. Kohler and Milstein, Nature, 256:495-497 (1 975) and Kennet, ^onpclonal_Antibodies (Kennet 
et aL, Eds. pp. 365-367, Plenum Press, N.Y., 1 980). Several murine CD4 specific monoclonal antibodies are described 
in Herzog, C. et aL, supra; Herzog, C. et al. J. Autoimmunity 2:627-642 (1989) and Walker et aL J. Autojmmurjity 2: 
643-649(1989)"." "~ ' 

Another way of forming the anti-CD4 producing cell line is by transformation of antibody producing cells. For ex- 

2S ample, an anti-CD4 producing B lymphocyte may be infected and transformed with a virus such as Epstein-Barr virus 
in the case of B lymphocytes to yield an immortal anti-CD4 producing cell. See e.g., Kozbor and Roder, immunology 
Jpday, 4]3):72-79 (1 983). Alternatively, the B lymphocyte may be transformed by a transforming gene or transforming 
gene product. 

The CD4 specific monoclonal antibodies are produced in large quantities by injecting anti-CD4 antibody producing 
30 hybridomas into the peritoneal cavity of mice and, after appropriate time, harvesting the ascites fluid which contains a 
high titer of homogeneous antibody and isolating the monoclonal anti-CD4 antibody therefrom. Xenogeneic hybridomas 
should be injected into irradiated or athymic nude mice. Alternatively, the antibodies may be produced by culturing 
anti-CD4 producing cells in vitro and isolating secreted monoclonal anti-CD4 antibodies from the cell culture medium. 
The CD4 specific chimeric antibodies of the invention are produced by cloning DNA segments encoding the heavy 
35 and light chain variable regions of a non-human antibody specific for CD4 and joining these DNA segments to respective 
DNA segments encoding human heavy and light chain constant regions to produce chimeric immunoglobulin encoding 
genes. The fused gene constructs coding for the light and heavy chains are assembled in or inserted into expression 
vectors. The genes are co-transfected into a lymphoid recipient cell (e.g. a myeloma cell) where the immunoglobulin 
protein can be synthesized, assembled and secreted. The transfected receipient cells are cultured and the expressed 
40 immunoglobulins are collected. 

Preferably, the antigen binding regions will be of murine origin because murine antibodies against CD4 are available 
or can be readily produced in murine systems. Other animal or rodent species provide alternative sources of antigen 
binding regions. 

The constant regions of the chimeric antibodies are derived from human immunoglobulins. The heavy chain con- 
45 stant region can be selected from any of the five isotypes - alpha, delta, epsilon, gamma or mu. Further, heavy chains 
of various subclasses (such as the IgG subclasses of heavy chains) are responsible for different effector functions and 
thus, by choosing the desired heavy chain constant region, chimeric antibodies with desired effector function can be 
produced. Preferred constant regions are gamma 1 (lgG1), gamma 3 (lgG3) and gamma 4 (lgG4). More preferred is 
an Fc region of the gamma 1 (lgG1) isotype. The light chain constant region can be of the kappa or lambda type, 
50 preferably of the kappa type. 

In order to assess the effect of human heavy chain constant region isotype on the activity of chimeric anti-CD4 
antibodies of the invention, mouse-human chimeric CD4 lgG1 and lgG4 antibodies were constructed with murine M- 
T41 2 variable regions and human Fc constant regions. F(ab') 2 and Fab fragments of the murine (M-T41 2) and chimeric 
y1 (cM-T41 2) antibodies were generated by enzymatic digestion. The cM-T41 2y1 and its fragments retained the affinity 
55 and specificity of the parent murine antibody. 

The ability of intact CD4 antibody or antibody fragment to affect CD4+ T-cell activity was evaluated in in vitro assays 
of Ig production by pokeweed mitogen-stimutated cells, level of slL-2 receptor production by phytohemagglutinin-sttm- 
ulated PBMCs (peripheral blood mononuclear cells), and cell proliferation in response to: tetanus toxoid, anti-CD3 
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antibodies, and mixed lymphocyte culture. Representative findings are seen with tetanus toxoid where the CM-T41 2y1 
MAb, the intact divalent (H2I-2) immunoglobulin of the y1 isotype, inhibited the proliferation of PBMCs by 90% at 0.1u7 
ml. In contrast, the cM-T412y4 achieved a maximum of 65% inhibition even at 10 u.g/ml, whereas the cM-T412y1 Fab 
required 100 u.g/ml for similar inhibition. These data show that the intact chimeric mouse-human anti-CD4y1 antibody 

5 of the invention exhibits superior down regulation of T-cell function, with a strong contribution by the y1 F c region. These 
results support the potential clinical utility of a divalent chimeric mouse-human anti-CD4 y1 monoclonal antibody in 
autoimmune disease or disorders. 

In general, the chimeric antibodies are produced by preparing, for each of the light and heavy chain components 
of the chimeric immunoglobulin, a fused gene comprising a first DNA segment that encodes at least the functional 

10 portion of the CD4-specific variable region of non-human origin linked (e.g. functionally rearranged variable region with 
joining segment) to a second DNA segment encoding at least a biologically functional part of a human constant region. 
Each fused gene is assembled in or inserted into an expression vector. Recipient cells capable of expressing the gene 
products are then transfected with the genes. The transfected recipient cells are cultured under conditions that permit 
expression of the incorporated genes and the expressed immunoglobulins or immunoglobulin chains are recovered. 

*s Genes encoding the variable region of Ig light and heavy chains can be obtained from lymphoid cells that produce 

the CD4-specific antibodies. For example, the hybridoma cell lines that produce antibody against CD4 provide a source 
of immunoglobulin variable region for the present chimeric antibodies. Other rodent cell lines are available. Cell lines 
can be produced by challenging a rodent with a CD4-positive cell or a CD4 containing component or fraction of a CD4 
positive cell, forming fused hybrid cells between antibody-producing cells and a myeloma cell line, cloning the hybrid 

20 and selecting clones that produce antibody against the CD4 receptor. Antibodies can be further characterized as to 
epitope specificity (high affinity binding), as described in Sattentau et a)., sup/a, the teachings of which are hereby 
incorporated by reference. 

It is contemplated that further "humanization" of the monoclonal antibodies of the invention may be accomplished 
by forming "mosaic" antibodies in which human sequences are also inserted into the variable region. For example, the 

25 variable regions of both mouse and human antibodies comprise four framework residues (FRs). Within the FRs are 
three complementarity determining residues (CDRs) which are responsible for antigen binding. A human -mouse mosaic 
having the desired binding characteristics may be made by inserting mouse CDR sequences within human framework 
residues. Such mosaic variants are contemplated equivalents of the chimeric immunoglobulins of the invention, as are 
partial chimeric immunoglobulins, e. g. , in which only the heavy chain constant region of murine origin has been replaced 

30 by an equivalent sequence of human origin, or variants wherein one or more amino acids have been changed by 
directed mutagenesis. 

Constant regions can be obtained from human antibody-producing cells by standard cloning techniques. Alterna- 
tively, because genes representing the two (2) classes of light chains and the five (5) classes of heavy chains have 
been cloned, constant regions of human origin are readily available from these clones. Chimeric antibody binding 

35 fragments such as F(ab') 2 and Fab fragments can be prepared by designing a chimeric heavy chain gene in truncated 
form. For example, a chimeric gene encoding a F(ab') 2 heavy chain portion would include DNA sequences encoding 
the CHj domain and hinge region of the heavy chain. 

The fused genes encoding the light and heavy chimeric chains (or portions therof ) can be assembled in two different 
expression vectors that can be used to co-transfect a recipient cell. Each vector contains two (2) selectable genes -- 

40 one for selection in a bacterial system and one for selection in a eukaryotic system - each vector having a different 
pair of genes. These vectors allow production and amplification of the fused genes in bacterial systems, and subsequent 
co-transfection of eukaryotic cells and selection of the co-transfected cells. Examples of selectable genes for the bac- 
terial system are the genes that confer ampicillin resistance and the gene that confers chloramphenicol resistance. 
Two selectable genes for selection of eukaryotoic transfectants are preferred: (i) the xanthine-guanine phosphoribo- 

« syltransferase gene jgpj), and (ii) the phosphotransferase gene from Tn5 (designated neo). Selection with a,pt is based 
on the ability of the enzyme encoded by this gene to use xanthine as a substrate for purine nucleotide synthesis; the 
analogous endogenous enzyme cannot. In a medium containing xanthine and mycophenolic acid, which blocks the 
conversion of inosine monophosphate to xanthine monophosphate, only cells expressing the <jpt gene can survive. 
The product of the neo blocks the inhibition of protein synthesis in eukarytoic cells caused by the antibiotic G418 and 

50 other antibiotics of its class. The two selection procedures can be used simultaneously or sequentially to select for the 
expression of immunoglobulin chain genes introduced on two (2) different DNA vectors into a eukaryotic cell. 

Alternatively, the fused genes encoding the chimeric light and heavy chains can be assembled on the same ex- 
pression vector. 

The preferred recipient cell line is a myeloma cell. Myeloma cells can synthesize, assemble and secrete immu- 
55 noglobulins encoded by transfected Ig genes. Further, they possess the mechanism for glycosylation of the immu- 
noglobulin. A particularly preferred recipient cell is the Ig-non-producing myeloma cell Sp2/0. The cell produces only 
immunoglobulin encoded by the transfected immunoglobulin genes. Myeloma cells can be grown in culture or in the 
peritoneum of mice where secreted immunoglobulin can be obtained from ascites fluid. Other lymphoid cells such as 
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B lymphocytes or hybridoma cells can serve as suitable recipient cells. 

Several methods exist for transfecting lymphoid cells with vectors containing immunoglobulin encoding genes. A 
preferred way of introducing DNA into lymphoid cells is by electroporation. In this procedure, recipient cells are sub* 
jected to an electric pulse in the presence of the DNA to be incorporated. See e.g., Potter etaL.PN AS 81:71 61 (1984). 
5 Another way to introduce DNA is by protoplast fusion. In this method, lysozyme is used to strip cell walls from bacteria 
harboring the recombinant plasmtd containing the chimeric Ig gene. The resulting spheroplasts are fused with myeloma 
cells with polyethylene glycol. Another technique that can be used to introduce DNA into many cell types is calcium 
phosphate precipitation. 

The chimeric immunoglobulin genes can be expressed in nonlymphoid mammalian cells or in organisms such as 
10 bacteria or yeast. When expressed in bacteria, the immunoglobulin heavy chains and light chains become part of 
inclusion bodies. Thus, the chains must be isolated and purified and then assembled into functional immunoglobulin 
molecules. 

The chimeric CD4 specific antibodies of the invention are useful as therapeutic agents for autoimmune disorders 
such as rheumatoid arthritis, SLE, multiple sclerosis and myasthenia gravis, as well as other disorders mediated by 
is CD4+ cells. The antibody is administered to a mammal suffering from such a disorder in a therapeutically effective 
amount sufficient to alleviate the disorder. 

The chimeric monoclonal antibodies of the invention will usually be formulated for therapeutic use as a pharma- 
ceutical composition comprising appropriate carriers, excipients, and other pharmaceutical^ acceptable ingredients, 
as is known to those of skill in the art of pharmaceutics. Like other proteinaceous materials, a monoclonal antibody 
20 preparation will frequently be formulated as a sterile, non-pyrogenic composition for parenteral administration; however, 
any pharmaceutical ly acceptable route and method of administration that brings that active moiety into contact with its 
site of action may be used, such as those described in a standard reference text in this field, e.g., Remjnjgton's Phar- 
maceutic^ Sciences, the teachings of which are hereby incorporated by reference. 

The invention is further described by the following examples, wherein all parts and percentages are by weight and 
25 degrees are Celsius, unless otherwise stated. 

_EX_EM_P_LJFIC_AJION 

^ujine Hybridoma MjT41 2 

30 

A murine hybridoma designated M-T412 was one of a panel of murine antt-CD4 monoclonal antibodies obtained 
from G. Riethmuller, Univ. of Munich, Munich, Germany. The M-T412 clone was produced from spleen cells of mice 
immunized with P815 mastocytoma cells transfected with human CD4 cDNA. The mice were additionally boosted with 
recombinant CD4. The M-T41 2 antibody was of high affinity for CD4 receptor bearing CEM cells and of similar binding 

35 specificity to a murine anti-CD4 monoclonal antibody designated MT151 (described in papers by Herzog et al. and 
Walker et al,, sup/a.) The details of the preparation of murine hybridoma M-T412 are as follows: The hybridoma giving 
rise to the murine M-T41 2 antibody was derived from a fusion performed in the laboratory of Dr. Peter Rieber, Institute 
for Immunologie, Universitat Munchen, Munich, Germany. 

BALB/c mice originally obtained from the Centralinstitut fur Versuchstierzucht (Hanover, Germany) and bred at 

40 the Institute for Immunologie, Munich, Germany were immunized with P815 cells (obtained from Van Pel, Ludwig In- 
stitute for Cancer Research, Brussels, Belgium) transfected with cloned DNA representing a full length copy of the 
gene encoding human CD4. The CD4 clone was derived from a cDNA library provided by D. Littman (University of 
California, San Francisco, CA, USA). The cDNA was cleaved with Xho II, cloned in pKSvIO and the fragment repre- 
senting the full length CD4 gene was transfected into P815 cells by Y Tabaycewski and E. Weiss, Institute for Immu- 

45 nologie, Munich. 

A BALB/c mouse was immunized intrasplenically with 5 x 10 6 P815-CD4 cells. Forty days later the mouse was 
injected again intrasplenically with 5 x 10 6 P815-CD4 cells. Three days later the mouse was sacrificed, the spleen was 
removed and a single cell suspension was obtained by mechanical disaggregation. The spleen cells were resuspended 
in RPMI 1640 containing 20% (v/v) fetal bovine serum and 10% (v/v) DMSO and cryopreserved in liquid nitrogen. 

50 The cells were subsequently thawed and 3.2 x 10 7 spleen cells were fused with 2,4 x 10 7 P3x63Ag8.653 (.653) 
myeloma cells (provided by H. Lemke, Cologne, Germany). The spleen cells and 653 cells were mixed and centrifuged 
for 10 min at 1600 rpm. The supernatant was removed and the pellet was resuspended in 5 mL prewarmed, serum 
free DMEM, centrifuged at 1200 rpm, for 5 min. The supernatant was removed, and 1 ml 50% (w/v) PEG 4000 in RPM1 
1640 (prewarmed to 37°C) was added dropwise. The cells were then centrifuged for 1 min at 1000 rpm followed by 

55 addition of 10 mL RPMI 1640 (37°C) without serum dropwise over 5 min. The pelle was resuspended, another 10 ml 
of medium added and the sample centrifuged fro 10 min at 1600 rpm. The supernatant was removed and the cells 
were resuspended in HAT medium (RPM1 1640 supplemented with 10% (v/v) fetal bovine serum; 100 u/mL penicillin; 
1 00 |ig/mL streptomycin; 6.4 x 1 0' 5 M thymidine. The fused cells were seeded at 1 00 ul/well into each well of 96-well 
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plates. Fifty thousand (50,000) BALB/c-DBA fi peritoneal exudate cells in 100 ul were added to each well. The cells 
were fed with HT medium (HAT with aminopterin) after 4 and 7 days and assayed on day 10-14. 

Four-hundred and fifty (450) growth positive wells were screened against normal human peripheral blood mono- 
nuclear cells by fluorescence microscopy. From this fusion, 3 anti-CD4 hybridomas were obtained and designated M- 
5 T412, M-T413, and M-T414. 

The M-T41 2 cell line was grown in Iscove's modification of Dulbecco's modified Eagle's Minimum Essential Medium 
(IDMEM supplemented with 5% (v/v) fetal bovine serum, 2 mM L-glutamine, 1 mM sodium pyruvate and Eagle's Non- 
Essential Amino Acids). A cell bank created from this culture was used for production of the chimeric anti-CD4 mon- 
oclonal antibody. 

w 

General Strategy foj production of_Chimeric Antj-CD4JMgnpctojia[ 

The strategy for cloning the variable regions for the heavy and light chain genes from the hybridoma M-T412 was 
based upon the linkage in the genome between the variable region and the corresponding J (joining) region for func- 

is tionalty rearranged (and expressed) Ig genes. J region DNA probes can be used to screen genomic libraries to isolate 
DNA linked to the J regions; DNA in the germline configuration (unrearranged) would also hybridize to J probes, but 
is not linked to a varible region sequence and can be indentified by restriction enzyme analysis of the isolated clones. 

The cloning strategy, therefore, was to isolate variable regions from rearranged heavy and light chain genes using 
J H and J K probes. These clones were tested to see if their sequences were expressed in the 41 2 hybridoma by Northern 

20 analysis. Those clones that contained expressed sequence were cloned into expression vectors containing human 
constant regions and transfected into mouse myeloma cells to determine if an antibody was produced. The antibody 
from producing cells was then tested for binding specificity and functionality compared to the 412 murine antibody. 

M^ajeria]s - an_d_ Methods 

25 

Light, chain genomic Nbrarx con struct ion 

To isolate the light chain variable region gene from the 412 hybridoma, a size-selected genomic library was con- 
structed using the phage lambda vector charon 27. High molecular weight DNA was isolated from 412 hybridoma cells 

30 and digested to completion with restriction endonuclease Hindlll. The DNA was then fractionated on a 0.8% agarose 
gel and the DNA of size range 4-6 kb was isolated directly from the gel by electroelution. After phenol/chloroform 
extraction and ethanol precipitation, the 4-6 kb fragments were ligated with lambda charon 27 arms and packaged into 
phage particles jn vitro using Gigapack Gold from Stratagene. This library was screened directly at a density of ap- 
proximately 20,000 plaques per 150 mm petri dish using a 32 P-labeled J K probe. Plaque hybridizations were carried 

35 out in 5x SSC, 50% formamide, 2x Denhardt's reagent, 200 u.g/ml denatured salmon sperm DNA at 42 degrees for 
18-20 hours. Final washes were in 0.5x SSC, 0.1% SDS at 65 degrees. Positive clones were identified after autoradi- 
ography. 

H eayy_ chajn genomic Ij b r a ry_ con s tr u c t i o n 

40 

To isolate the variable region gene for the 41 2 heavy chain, a genomic library was constructed in the lambda vector 
EMBL-3. High molecular weight DNA was partially digested with restriction endonuclease Sau3A and size fraction ed 
on a 10-40% sucrose density gradient. DNA fragments of approximately 15-23kb were ligated with EMBL-3 arms and 
packaged into phage particle ]n vitro using Gigapack Gold. This library was screened at a density of 30,000 plaques 
45 per 150 mm plate using a J H probe. Hybridization and wash conditions were identical to those used for the light chain 
library. 

DNA probes 

50 The mouse heavy chain J H probe is a 2 kb BamHIVEcoRI fragment containing both J3 and J4 segments. The 
mouse light chain J K probe is a 2.7 kb Hindlll fragment containing all five J K segments. 32 P-labeled probes were 
prepared by random priming using a kit obtained from Boehringer Mannheim. Free nucleotides were removed by 
centrifugation through a Sephadex G-50 column. The specific activities of the probes were approximately 10 9 cmp/jig. 

55 N prt h e rn_a_n a ly s i s 

Ten (10) u,g total cellular RNA was subjected to electrophoresis on 1% agarose/formaldehyde gels (Maniatis, et 
a}., MpJ e _ c uia. r Clqnjng) and transferred to nitrocellulose. Blots were hybridized with random primed DNA probes in 50% 
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formamide, 2x Denhardt's solution, 5x SSC, and 200 u.g/ml denatured salmon sperm DNA at 42 degrees for 10 hours. 
Final wash conditions were 0.5x SSC 0.1% SDS at 65 degrees. 

PiSA L r 3 n - s tecjion using e[ectjo&ojatjon 

5 

Plasmid DNA to be transfected was purified by centrifuging to equilibrium in ethidium bromide/cesium chloride 
gradients two (2) times. Ten (10)-50 u,g of plasmid DNA was added to 10 7 SP2/0 cells in Hanks salts medium and the 
mixture placed in a Biorad electroporation apparatus. Electroporation was at 200 volts and the cells were plated out 
in 96 well microliter plates. Appropriate drug selection was applied after 48 hours and drug resistant colonies were 
10 identified after 1-2 weeks. 

Qjjantjtatjqn_ of_ajit ibody_(Droduc_t ion 

Tissue culture supernatant was analyzed for IgG protein content by Elisa assay using standard curves generated 
'5 with purified IgG. Concentration of chimeric 412 antibody with human constant regions was determined using goat 
anti-human IgG Fc antibody-coated microliter plates and alkaline phosphatase conjugated goat anti-human IgG Fc or 
goat anti-human IgG (H+L) antibody. 

Tissue culture supernatant was loaded onto a protein A-sepharose column. The chimeric antibody was eluted from 
the protein A column with a sodium citrate pH gradient from pH 6.5 to pH 3.5. The purified antibody was concentrated 
20 using a Diaflo YM1 00 ultrafiltration membrane. Antibody concentration was measured by determining the absorbance 
at 260 nm. 

I ndjrect_Cell_Bind in g Assay_qn_ C E M_Cel Is 

25 All samples and standards were diluted to 100 u.g/mi with 0.3% getatin-PBS-0.2% azide. Gelatin-PBS-azide was 

added to each well of a 96 well microtiter plate; the first column of the plate was left empty An aliquot (150 uJ) of each 
sample and standard was added in duplicate to the (empty) first column of the 96 well plate. Twelve serial 1 :4 dilutions 
were performed by transferring 40 ul each time. 

125 l goat anti-human F(ab')2 was diluted to approximately 300,000 cpm/100 uJ (5-10 uCi/u.g) in gelatin-PBS-azide. 

30 CEM cells were centrifuged at 1000 rpm, 1 5 min, the supernatant was discarded and the pellet was resuspended 

with Hanks buffered saline. Cells were washed twice and a cell count was performed with Trypan Blue. Cells were 
plated at 7 x 1 0rwell in a V-bottom 96 well polyvinyl plate. To obtain an even distribution of cells, the cell suspension 
was poured into a petri plate and the plate was swirled gently with one hand while pipetting with the other hand. The 
plate was centrifuged at 1 500 rpm for 5 min and the supernatant was aspirated. 

35 Aliquots (1 00 u.l) of the antibody dilutions were added to each well. The pellet was resuspended by gently pipetting 

up and down. Cells were incubated for 3 hr at 4°C, then centrifuged at 1500 rpm for 5 min, and the supernatant was 
aspirated and the pellet was resuspended in 200 uJ gelatin-PBS-azide. A spin-wash was performed twice. An aliquot 
(100 uJ) of the 125-1 goat anti-mouse F(ab')2 was added to each well. The pellet was resuspended and incubated for 
2 hr at room temperature. Cells were spin washed twice and the supernatant was aspirated off. Each well was counted 

40 in a gamma counter. The bound counts per minute (cmp) were plotted on the ordinate, antibody concentration was 
plotted on the abscissa and the concentration at half maximal binding was determined. 

Results 

45 Clqnjng_qHh e C D4 : specif ic yariab]e_ ge_n_e_regions 

Several positive clones were isolated from the heavy and light chain libraries after screening approximately one 
million plaques using the J H and J K probes, respectively. Following at least three (3) rounds of plaque purification, 
bacteriophage DNA was isolated for each positive clone, digested with either EcoRI (heavy chain clones) or Hindlll 

50 (light chain clones) and fractionated on 1 % agarose gels. The DNA was transferred to nitrocellulose and the blots were 
hybridized with J H (heavy chain) or J K (light chain) 32 P-labeled DNA probes. For the heavy chain, several clones were 
obtained that contained 5.5 kb Eco Rl DNA fragments that hybridized to the ^ probe. The J K probe hybridized to a 
5.4 kb fragment present in several light chain clones. 

Cloned DNA corresponding to the authentic heavy and light chain variable regions from the 412 hybridoma should 

55 hybridize to mRNA isolated from the hybridoma. Non-functional DNA rearrangements at either the heavy or light chain 
loci should not be expressed. The subcloned fragments were labeled with 32 P by random priming and hybridized to 
northern blots containing total RNA derived from 653 (the fusion partner of the 412 hybridoma) or from 412. The 5.5 
kb EcoRI heavy chain fragment hybridized with a 2 kb EcoRI heavy chain fragment in 412 RNA, but not in 653 RNA. 
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Similarly, the 5.4 kb light chain Hindlll fragment hybridized with a 1250 by mRNA in 412 RNA, but not in 653 RNA. 
These are the correct sizes for heavy and light chain mRNAs respectively. Because the cloned DNA fragments contain 
sequences expressed in the 41 2 hybridoma, these data suggest that these are the correct variable region sequences 
from the 41 2 hybridoma. The final functional test, however, is the demonstration that these sequences, when combined 
s with the appropriate constant region sequences, are capable of directing the synthesis of an antibody with a specificity 
and affinity similar to that of the murine 412 antibody. 

Vectors^and_expj;e^s_s[on_system_s 

10 The putative light and heavy chain V genes cloned from the 412 hybridoma were joined to human kappa and G1 

constant region genes in expression vectors. The 5.5 kb EcoRI fragment corresponding to the putative heavy chain V 
region gene from 412 was used to replace the 17-1 A V H EcoRI fragment of the previously described vector 
pSV2AHgpt17-1AV H -hCG1 (Sun, L. et al., PNAS 84, p. 214-218 (1987)) to yield p412HG1apgpt. For the light chain, 
two (2) different constructions were made. In the first construction, the 5.4 kb putative light chain fragment from 412 

*5 was used to replace the 17-1 A Hindlll fragment of pSV184-AHneo1 7-1 AVKhCK to yield p412HuKcmneo. Inthesecond 
construction, the 5.4 kb Hindlll fragment from 41 2 was cloned into a similar vector to pSV184AHneo17--1 AVhCK except 
that the selectable marker for mammalian cells was Ecogpt instead of neo. The resulting plasmid was designated 
p41 2HuKapgpt. A plasmid was also constructed containing both heavy and light chain genes in the same plasmid, and 
was designated p41 2-DP. The 412 expression plasmids are shown in figure 1 . 

20 To express the chimeric heavy and light chain genes, various combinations of the expression plasmids were trans- 

fected into the non-producing mouse myeloma cell line SP2/0. The heavy chain vector was co-transfected with either 
the neo or gpt version of the light chain vector, and p412-DP was transfected alone. Mycophenolic acid selection was 
applied after 24 hours; for cotransfections with neo and gpt vectors, selection with both mycophenolic acid and G418 
was used. Resistant colonies were expanded to stable cell lines and tissue culture supernatant from these cell lines 

25 was tested for antibody using an ELISA assay with goat anti-human IgG Fc antibody and goat anti-human H+L con- 
jugated with alkaline phosphatase (Jackson Laboratories). A cell line designated JL3A3 was chosen for further study. 

The chimeric 412 antibody was purified from tissue culture supernatant of cell line JL3A3 by Protein A Sepharose 
chromatography. 190 mis of supernatant was adjusted to 0.1 M Tris, 0.002 M EDTA, pH 8.0 and loaded on a 12 ml 
Protein A Sepharose column equilibrated in 0.1 M Tris, 0.002 M EDTA, pH 8.0. The column was bashed to baseline, 

30 and the IgG was eluted with a pH gradient from 0.1 M citrate pH 6.5 to 0.1 M citrate pH 3.5, with the IgG peak eluting 
at approximately pH 4.0. The peak was pooled, neutralized with 1 M Tris, diafiltered into PBS, and 0.2 micron filtered. 
5.4 mg was recovered (approximately 28 ug/ml starting supernatant). 

The IgG was evaluated for purity by HPLC and SDS-PAGE. HPLC analysis on GF-250 gel filtration showed a 
single peak with an apparent molecular weight of approximately 150,000. SDS-PAGE on Pharmacia Phastgel 10-15% 

35 (4 ml samples) visualized with Coomasie stain also showed a clean preparation of the same molecular weight. 

The purified IgG was evaluated for immunoactivity in an indirect cell binding assay on CEM cells. CEM cells display 
the CD4 receptor on their surface. Chimeric 7E3 G1, an irrelevant antibody, was run as a negative control. Relative 
affinity values were determined from the inverse of the concentration (M) at half maximal binding. The values obtained 
are as follows: 



40 





Sample 


Tracer 


Relative Affinity 




CC123B JL3A3 


anti human F (ab') 2 


2.5x109 m- 1 




(chimeric 412) 






45 


CC123B JL3A3 


anti human Fc 


8.0x10 9 M* 1 




(chimeric 412) 








c123 Clinical Vial 


anti mouse F(ab') 2 


6.5 x10 s M' 1 




(murine 412) 







The data demonstrate that chimeric anti-CD4 lgG1 binds to CEM cells with an affinity similar to the murine anti- 
CD4 antibody. This indicates that the murine and chimeric antibodies have similar affinities for the human CD4 receptor. 

BioJqgjcaJ Information 

To assess safety, pharmacokinetics, and CD4 effects, a preferred chimeric anti-CD4 monoclonal antibody of the 
invention (cM-T41 2) was administered intravenously (IV) for seven days at a dose of 5 mg/kg/day to four chimpanzees. 
The antibody was well tolerated and circulating CD4 cell number was markedly decreased from the first dose through 
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2-3 weeks after the last dose. CD4 positive cells increased in number 3-4 weeks post dose, but remained depressed 
in treated animals relative to saline treated controls for 3-4 months. No anti-chimeric antibody response was detected. 
The prolonged depletion of circulating CD4+ T-cells with no incidence of adverse effects or immunogenic response 
supports the potential clinical application of such chimeric anti-CD4 monoclonal antibodies to the treatment of autoim- 

s mune disease, such as, for example, rheumatoid and psoriatic arthritis, MS, SLE, and myasthenia gravis. 

Significant improvement of symptoms was also observed in a series of 15 human patients with refractory rheuma- 
toid arthritis treated with single IV doses ranging from 1-200 mg of a preferred chimeric anti-CD4 antibody of the 
invention, CT-M412. Signficiant decreases in swollen joints and tender joints were observed up to 21 days and 90 
days, respectively, post treatment. The antibody was well tolerated, with only transient flu-like symptoms observed. 

10 Modest anti-mouse response occurred in 8/15 patients. Sustained decreases in CD4+ T-cells occurred up to 14 days 
post treatment, and were present though less pronounced at 35 days. CD8+ ceils were also transiently decreased 
following treatment, but reverted to baseline by 72 hours. Clinical dosage may vary depending on the nature and 
severity of the condition being treated, as well as the age and weight of the patient and the existence of concurrent 
conditions; however, single IV doses in he range of 1-20 mg are expected to be clinically useful. 

'5 While binding of M-T412 to both CEM and human T lymphocytes can be blocked by M-T151, there are certain 
functional differences between these antibodies, jn vivo evidence includes a report of clinical trials in rheumatoid arthritis 
patients in whom M-T151 effected improvement in symptoms with only a transient decrease in circulating CD4+ cells 
and an increase in CD+8 cells. Herzog et al., J. Autoimmunity 2: 627-642 (1 989). In contrast, jn vivo administration of 
the cM-T412 antibody results in long-term depletion of CD4+ T cells as well as a depletion of CD8+ T cells. Although 

20 this difference in biological activity between the murine antibody, M-T151, and the chimeric antibody, CM-T412, could 
result in part from the human Fc portion of the chimeric antibody which may better recruit human effector functions, 
however, clinical reports with chimeric anti-leu3a monoclonal antibody (which like CM-T412 is of the gamma 1 isotype), 
and well as evidence from in vitro assays of M-T412 and M-T151 suggest that at least some differences in epitope 
specificity may be involved. For example, in evaluating the effects of antibodies on the proliferation of peripheral blood 

25 mononuclear cells (PBMC) in response to tetanus toxoid, the cM-T412 was more effective than the parent murine M- 
T412; both were more effective than the M-T151 (murine). Since M-T412 and M-T151 are both of the murine G2a 
isotype, differences between them are most likely due to differences in the Fab regions. Because of its ability to down 
regulate both CD4 and CD8 subsets of T cells, the chimeric anti-CD4 monoclonal antibodies of the invention designated 
cM-T41 2 is more preferred. cM-T41 2 has also been observed to down regulate both activate cell surface IL-2 receptors 

30 and soluble IL-2. 

Ecyiyalents 

Those skilled in the art will recognize, or be able to ascertain using no more than routine experimentation, many 
35 equivalents to the specific embodiments of the invention described herein. Such equivalents are intended to be en- 
compassed by the following claims. 



Claims 

40 

Claims for the following Contracting States : AT, BE, CH, LI, DE, DK, FR, GB, IT, LU, NL, SE 

1 . A CD4-specific chimeric immunoglobulin comprising an antigen binding region of non-human origin and a constant 
45 region of human origin the chimeric immunoglobulin being; (1 ) capable of inducing sustained depletion of CD4 + T 

cells, and/or (2) able to compete with the M-T151 mAb for binding to CEM cells. 

2. A chimeric immunoglobulin of Claim 1, wherein the antigen binding region is derived from a murine anti-CD4 
immunoglobulin. 

so 

3. A chimeric immunoglobulin of Claim 2, wherein the antigen binding region is derived from a monoclonal antibody 

4. An antigen binding fragment of a chimeric immunoglobulin of Claim 1, comprising an antigen binding region of 
non-human origin and at least a portion of a constant region of human origin. 

55 

5. A chimeric immunoglobulin comprising: 

a. at least one chimeric heavy chain comprising an antigen binding region derived from the heavy chain of a 
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non-human immunoglobulin specific for CD4 receptor linked to at least a portion of a human heavy chain 
constant region, the heavy chain being in association with: 

b. at least one chimeric light chain comprising an antigen binding region derived from a light chain of the non- 
human immunoglobulin linked to at least a portion of a human light chain constant region, the chimeric immu- 
noglobulin being; (1 ) capable of inducing sustained depletion of CD4+ T cells, and/or (2) able to compete with 
the M-T1 51 mAb for binding to CEM cells. 

6. A chimeric immunoglobulin of Claim 5 of the lgG1 isotype, e.g. IgGI kappa isotype. 

7. A chimeric immunoglobulin of Claim 5 or Claim 6, wherein the antigen binding region is derived from a murine 
antibody. 

8. An antigen binding fragment of a chimeric immunoglobulin according to any one of Claims 5 to 7 which is a Fab, 
Fab' or F(ab') 2 fragment, comprising a murine variable region specific for the CD4 receptor complex and a human 
constant region. 

9. A chimeric immunoglobulin according to any one of Claims 1 -3 and 5-7 or a fragment of Claims 4 or 8 which exhibits 
high affinity binding to CD4, for example having a Ka of at least lO^M' 1 , e.g. at least 10 9 M- 1 . 

10. A fused gene encoding the chimeric immunoglobulin of any one of Claims 1 -3, 5-7 and 9 or fragment of Claims 4 
or 8. 

11. An expression vector containing the fused gene of Claim 10 in expressible form. 

12. The chimeric immunoglobulin of any one of Claims 1 -3, 5-7 and 9 or fragment of Claims 4 or 8 for use in therapy, 
for example in the treatment of autoimmune disorders, e.g. rheumatoid and psoriatic arthritis, SLE, multiple scle- 
rosis and myasthenia gravis. 

13. Use of the chimeric immunoglobulin of any one of Claims 1-3, 5-7 and 9 or fragment of Claims 4 or 8, the fused 
gene of Claim 10 or the expression vector of Claim 11 for the manufacture of a medicament for the treatment of 
autoimmune disorders, e.g. rheumatoid and psoriatic arthritis, SLE, multiple sclerosis and myasthenia gravis. 



Claims for the following Contracting States : GR, ES 

1. A method for producing a CD4-specific chimeric immunoglobulin comprising an antigen binding region of non- 
human origin and a constant region of human origin the chimeric immunoglobulin being; (1) capable of inducing 
sustained depletion of CD4+ T cells, and/or (2) able to compete with the M-T151 mAb for binding to CEM cells, 
the method comprising the step of recovering the expressed immunoglobulins or immunoglobulin chain and op- 
tionally further comprising the steps of: 

(a) cloning DNA segments encoding the heavy and light chain variable regions of a non-human antibody 
specific for CD4; 

(b) joining at least the functional portion of the DNA segments of (a) to respective DNA segments encoding, 
human heavy and light chain-constant regions to produce a chimeric immunoglobulin encoding gene; 

(c) expressing the immunoglobulin encoding gene to produce chimeric immunoglobulin. 

2. The method of Claim 1 , wherein the antigen binding region is derived from a murine anti-CD4 immunoglobulin. 

3. The method of Claim 2, wherein the antigen binding region is derived from a monoclonal antibody. 

4. The method of Claim 1 , 2 or 3, wherein the immunoglobulin produced is an antigen binding fragment of the chimeric 
immunoglobulin comprising an antigen binding region of non-human origin and at least a portion of a constant 
region of human origin. 

5. A method for producing a chimeric immunoglobulin comprising: 

(i) at least one chimeric heavy chain comprising an antigen binding region derived from the heavy chain of a 



11 



EP0 511 308 B1 

non-human immunoglobulin specific for CD4 receptor linked to at least a portion of a human heavy chain 
constant region, the heavy chain being in association with: 

(ii) at least one chimeric light chain comprising an antigen binding region derived from a light chain of the non- 
human immunoglobulin linked to at least a portion of a human light chain constant region, the chimeric immu- 
s noglobulin being; (1 ) capable of inducing sustained depletion of CD4+ T cells, and/or (2) able to compete with 

the M-T151 mAb for binding to CEM cells, the method comprising the step of recovering the expressed im- 
munoglobulin or immunoglobulin chain and optionally futher comprising the steps of: 

(a) cloning DNA segments encoding the heavy and light chain variable regions of a non-human antibody 
io specific for CD4; 

(b) joining at least the functional portion of the DNA segments of (a) to respective DNA segments encoding 
human heavy and light chain-constant regions to produce a chimeric immunoglobulin encoding gene; 

(c) expressing the immunoglobulin encoding gene to produce chimeric immunoglobulin. 

is 6. The method of Claim 5 wherein the chimeric immunoglobulin is of the lgG1 isotype, e.g. lgG1 kappa isotype. 

7. The method of Claim 5 or Claim 6 wherein the antigen binding region is derived from a murine antibody. 

8. The method of any one of Claims 5 to 7 wherein the chimeric immunoglobulin is an antigen binding fragment which 
20 is a Fab, Fab' or F(ab') 2 fragment, comprising a murine variable region specific for the CD4 receptor complex and 

a human constant region. 

9. The method of any one of Claims 1 -8 wherein the chimeric immunoglobulin or fragment thereof exhibits high affinity 
binding to CD4, for example having a Ka of at least IC^M* 1 , e.g. at least 10 9 M' 1 . 

25 

10. A method of producing a fused gene encoding the chimeric immunoglobulin as defined in any one of Claims 1-3, 
5-7 and 9 or fragment as defined in Claims 4 or 8, comprising the steps (a) and (b) as defined in claim 1 . 

A method of producing an expression vector containing the fused gene produced by the method of Claim 10 in 
expressible form, comprising the steps of producing the fused gene according to the method of Claim 10 and 
assembling or inserting the fused gene into an expression vector. 

The chimeric immunoglobulin as defined in any one of Claims 1 -3, 5-7 and 9 or fragment as defined in Claims 4 
or 8 for use in therapy, for example in the treatment of autoimmune disorders, e.g. rheumatoid and psoriatic arthritis, 
SLE, multiple sclerosis and myasthenia gravis. 

Use of the chimeric immunoglobulin as defined in any one of Claims 1-3, 5-7 and 9 or fragment as defined in 
Claims 4 or 8, the fused gene as defined in Claim 10 or the expression vector as defined in Claim 11 for the 
manufacture of a medicament for the treatment of autoimmune disorders, e.g. rheumatoid and psoriatic arthritis, 
SLE, multiple sclerosis and myasthenia gravis. 



30 



35 



11. 



12. 



13. 



40 



Patentanspruche 

45 

Patentanspruche fur folgende Vertragsstaaten : AT, BE, CH, LI, DE, DK, FR, GB, IT, LU, NL, SE 

1 . Ein CD4-spezifisches schimares Immunoglobulin, das eine Antigenbindungsregion nichthumanen Ursprungs und 
eine konstante Region humanen Ursprungs umfaGt, wobei das schimare Immunoglobulin (1) in der Lage ist, eine 
50 dauerhafte Abnahme von CD4 + T-Zellen zu bewirken und/oder (2) mit dem M-T151 mAb um Bindung an CEM- 
Zellen konkurrieren kann. 



2. Ein schimares Immunoglobulin nach Anspruch 1, worin die Antigenbindungsregion von einem murinen anti-CD4 
Immunoglobulin abgeleitet ist. 

55 

3. Ein schimares Immunoglobulin nach Anspruch 2, worin die Antigenbindungsregion von einem monoklonalen An- 
tikdrper abgeleitet ist. 
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4. Ein Antigen bindendes Fragment eines schimaren Immunoglobulins nach Anspruch 1 , das eine Antigenbindungs- 
region nichthumanen Ursprungs und mindestens einen Teil einer konstanten Region humanen Ursprungs umfaBt. 

5. Ein schimares Immunoglobulin, das umfaBt: 

5 

a. mindestens eine schimare schwere Kette, die eine Antigenbindungsregion umfaBt, die von der schweren 
Kette eines f Or den CD4-Rezeptor spezifischen nichthumanenen Immunoglobulins abgeleitet ist und mit min- 
destens einem Teil der konstanten Region einer humanen schweren Kette verknOpft ist, wobei die schwere 
Kette assoziiert ist mit: 

10 b. mindestens einer schimaren leichten Kette, die eine Antigenbindungsregion umfaBt, die von einer leichten 

Kette des nichthumanen Immunoglobulins abgeleitet ist und mit mindestens einem Teil der konstanten Region 
einer humanen leichten Kette verknupft ist, wobei das schimare Immunoglobulin (1 ) in der Lage ist, eine dau- 
erhafte Abnahme von CD4 + T-Zellen zu bewirken und/oder (2) mit dem M-T151 mAb urn Bindung an CEM- 
Zellen konkurrieren kann. 

15 

6. Ein schimares Immunoglobulin nach Anspruch 5 vom lgG1 Isotyp, z. B. lgG1 kappa Isotyp. 

7. Ein schimares Immunoglobulin nach Anspruch 5 Oder Anspruch 6, worin die Antigenbindungsregion von einem 
murinen Antikorper abgeleitet ist. 

20 

8. Ein Antigen bindendes Fragment eines schimaren Immunoglobulins gemaB einem der AnsprOche 5 bis 7, das ein 
Fab, Fab' oder F(ab) 2 Fragment ist, das eine fur den CD4-Rezeptorkomplex spezifische murine variable Region 
und eine humane konstante Region umfaBt. 

25 9. Ein schimares Immunoglobulin gemaB einem der AnsprOche 1 bis 3 und 5 bis 7 oder ein Fragment nach Anspruch 
4 oder 8, das eine Bindung hoher Affinitat an CD4 zeigt, zum Beispiel eine Ka von mindestens lO^M* 1 besitzt, z. 
B. mindestens 10 9 M" 1 . 

10. Ein fusioniertes Gen, das das schimare Immunoglobulin nach einem der AnsprOche 1 bis 3, 5 bis 7 und 9 oder 
30 Fragment nach Anspruch 4 oder 8 codiert. 

11. Ein Expressionsvektor, der das fusion ierte Gen nach Anspruch 10 in exprimierbarer Form enthalt. 

12. Das schimare Immunoglobulin nach einem der AnsprOche 1 bis 3, 5 bis 7 und 9 oder Fragment nach Anspruch 4 
35 oder 8 fOr die Verwendung in der Therapie, zum Beispiel bei der Behandlung von Autoimmunkrankheiten, z. B. 

rheumatoider Arthritis und Arthritis psoriatica, SLE, Multiple Sklerose und Myasthenia gravis. 

13. Verwendung des schimaren Immunoglobulins nach einem der AnsprOche 1 bis 3, 5 bis 7 und 9 oder Fragments 
nach Anspruch 4 oder 8, des fusionierten Gens nach Anspruch 10 oder des Expressionsvektors nach Anspruch 

40 1 1 zur Herstellung eines Medikaments fur die Behandlung von Autoimmunkrankheiten, z. B. rheumatoider Arthritis 

und Arthritis psoriatica, SLE, Multiple Sklerose und Myasthenia gravis. 



Patentanspruche f ur folgende Vertragsstaaten : GR, ES 

45 

1. Ein Verfahren zur Herstellung eines CD4-spezifischen schimaren Immunoglobulins, das eine Antigenbindungsre- 
gion nichthumanen Ursprungs und eine konstante Region humanen Ursprungs umfaBt, wobei das schimare Im- 
munoglobulin (1 ) in der Lage ist, eine dauerhafte Abnahme von CD4 + T-Zellen zu bewirken und/oder (2) mit dem 
M-T151 mAb urn Bindung an CEM-Zellen konkurrieren kann, wobei das Verfahren den Schrrtt der Wiedergewin- 
50 nung des exprimierten Immunoglobulins oder der exprimierten Immunoglobulin-Kette umfaBt und gegebenenfalls 
zusatzlich die Schritte umfaBt: 

(a) Klonieren von DNS-Abschnitten, die die variablen Regionen der schweren und leichten Kette eines nicht- 
humanen Antikorpers, der spezifisch fur CD4 ist, codieren; 
55 (b) Verbinden mindestens des funktionalen Teils der DNS-Abschnitte von (a) mit entsprechenden DNS-Ab- 

schnitten, die konstante Regionen der humanen schweren und leichten Kette codieren, urn ein Gen herzu- 
stellen, das ein schimares Immunoglobulin codiert; 

(c) Exprimieren des Immunoglobulin codierenden Gens, urn ein schimares Immunoglobulin herzustellen. 
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2. Das Verfahren nach Anspruch 1 , worin die Antigenbindungsregion von einem murinen anti-CD4 Immunoglobulin 
abgeleitet ist. 

3. Das Verfahren nach Anspruch 2, worin die Antigenbindungsregion von einem monoklonalen Antikorper abgeleitet 
5 ist. 

4. Das Verfahren nach Anspruch 1 , 2 oder 3, worin das hergestellte Immunoglobulin ein Antigen bindendes Fragment 
des schimaren Immunoglobulins ist, das eine Antigenbindungsregion nichthumanen Ursprungs und mindestens 
einen Teil einer konstanten Region humanen Ursprungs umfaGt. 

10 

5. Ein Verfahren zur Herstellung eines schimaren Immunoglobulins, das umfaGt: 

(i) mindestens eine schimare schwere Kette, die eine Antigenbindungsregion umfaGt, die von der schweren 
Kette eines fur den CD4-Rezeptor spezifischen nichthumanen Immunoglobulins abgeleitet ist und mit minde- 

15 stens einem Teil der konstanten Region einer humanen schweren Kette verknupft ist, wobei die schwere Kette 

assoziiert ist mit: 

(ii) mindestens einer schimaren leichten Kette, die eine Antigenbindungsregion umfaGt, die von einer leichten 
Kette des nichthumanen Immunoglobulins abgeleitet ist und mit mindestens einem Teil der konstanten Region 
einer humanen leichten Kette verknupft ist, wobei das schimare Immunoglobulin (1) in der Lage ist, eine dau- 

20 erhafte Abnahme von CD4 + T-Zellen zu bewirken und/oder (2) mit dem M-T151 mAb um Bindung an CEM- 

Zellen konkurrieren kann, wobei das Verfahren den Schritt der Wiedergewinnung des exprimierten Immuno- 
globulins oder der exprimierten Immunoglobulin-Kette umfaGt und gegebenenfalls zusatzlich die Schritte um- 
faGt: 

25 (a) Klonieren von DNS-Abschnitten, die die variablen Regionen der schweren und leichten Kette eines 

nichthumanen Antikorpers, der spezifisch fur CD4 ist, codieren; 

(b) Verbinden mindestens des funktionalen Teils der DNS-Abschnitte von (a) mit entsprechenden DNS- 
Abschnitten, die konstante Regionen der humanen schweren und leichten Kette codieren, um ein Gen 
herzustellen, das ein schimares Immunoglobulin codiert; 
30 (c) Exprimieren des Immunoglobulin codierenden Gens, um ein schimares Immunoglobulin herzustellen. 

6. Das Verfahren nach Anspruch 5, worin das schimare Immunoglobulin vom lgG1 Isotyp ist, z. B. lgG1 kappa Isotyp. 

7. Das Verfahren nach Anspruch 5 oder Anspruch 6, worin die Antigenbindungsregion von einem murinen Antikorper 
35 abgeleitet ist. 

8. Das Verfahren nach einem der Ansp ruche 5 bis 7, worin das schimare Immunoglobulin ein Antigen bindendes 
Fragment ist, das ein Fab, Fab' oder F(ab) 2 Fragment ist, das eine fur den CD4-Rezeptorkomplex spezifische 
murine variable Region und eine humane konstante Region umfaGt. 

40 

9. Das Verfahren nach einem der Anspruche 1 bis 8, worin das schimare Immunoglobulin oder Fragment davon eine 
Bindung hoher Affinitat an CD4 zeigt, zum Beispiel eine Ka von mindestens 1 O^M -1 besitzt, z. B. mindestens 1 0 9 !^ 1 . 

10. Ein Verfahren zur Herstellung eines fusionierten Gens, das das schimare Immunoglobulin, wie in einem der An- 
45 spruche 1 bis 3, 5 bis 7 und 9 definiert, oder Fragment, wie in Anspruch 4 oder 8 definiert, codiert, und das Verfahren 

die Schritte (a) und (b), wie in Anspruch 1 definiert, umfaGt. 

11. Ein Verfahren zur Herstellung eines Expressionsvektors, der das fusionierte Gen, das mit dem Verfahren nach 
Anspruch 10 hergestellt wird, in exprimierbarere Form enthalt und das Verfahren die Schritte zur Herstellung des 

50 fusionierten Gens gemaG dem Verfahren nach Anspruch 10 und Zusammenbau oder Insertion des fusionierten 
Gens in einen Expressionsvektor umfaGt. 

12. Das schimare Immunoglobulin, wie in einem der AnsprOche 1 bis 3, 5 bis 7 und 9 definiert, Oder Fragment, wie in 
Anspruch 4 oder 8 definiert, fur die Verwendung in der Therapie, zum Beispiel bei der Behandlung von Autoim- 

55 munkrankheiten, z. B. rheumatoider Arthritis und Arthritis psoriatica, SLE, Multiple Sklerose und Myasthenia gravis. 

13. Verwendung des schimaren Immunoglobulins, wie in einem der Anspruche 1 bis 3, 5 bis 7 und 9 definiert, oder 
Fragments, wie in Anspruch 4 oder 8 definiert, des fusionierten Gens, wie in Anspruch 10 definiert, oder des 
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Expressionsvektors, wie in Anspruch 11 definiert, zur Herstellung eines Medikaments fur die Behandlung von 
Autoimmunkrankheiten, z. B. rheumatoider Arthritis und Arthritis psoriatica, SLE, Multiple Sklerose und Myasthenia 
gravis. 

5 

Revendicatlons 



Revendications pour les Etats contractants suivants : AT, BE, CH, LI, DE, DK, FR, GB, IT, LU, NL, SE 

10 

1 . Immunoglobuline chimere specifique du CD4, comprenant une region de liaison a I'antigene qui n'est pas d'origine 
humaine et une region constante d'origine humaine, ladite immunoglobuline chimere 6tant : 

(1) capable d'induire un epuisement prolonge de cellules T CD4+ et /ou 
15 (2) apte a entrer en competition avec I'anticorps monoclonal M-T151 pour la fixation aux cellules CEM. 

2. Immunoglobuline chimere selon la revendication 1 , dans laquelle la region de liaison a I'antigene est d§riv§e d'une 
immunoglobuline murine anti-CD4. 

20 3. Immunoglobuline chimere selon la revendication 2, dans laquelle la region de liaison a I'antigene est derived d'un 
anticorps monoclonal. 

4. Fragment de liaison a I'antigene d'une immunoglobuline selon la revendication 1 , comprenant une region de liaison 
a I'antigene qui n'est pas d'origine humaine et au moins une partie d'une region constante d'origine humaine. 

25 

5. Immunoglobuline chimere comprenant : 

a. au moins une chaine lourde chimere comprenant une region de liaison a I'antigene derived de la chame 
lourde d'une immunoglobuline non humaine specifique du r6cepteur CD4 reli6e a au moins une partie d'une 

30 r6gion constante d'une chaTne lourde humaine, ladite chaine lourde 6tant associ6e a : 

b. au moins une chaine legere chimere comprenant une region de liaison a I'antigene d6rivee d'une chaine 
legere de I'immunoglobuline non humaine reliee a au moins une partie d'une region constante d'une chaine 
legere humaine, ladite immunoglobuline chimere 6tant : 

35 (1 ) capable d'induire un epuisement prolonge de cellules T CD4 + et / ou 

(2) apte a entrer en competition avec I'anticorps monoclonal M-T151 pour la fixation aux cellules CEM. 

6. Immunoglobuline chimere selon la revendication 5, d'isotype IgGI, par exemple, d'isotype kappa lgG1 . 

40 7. Immunoglobuline chimere selon la revendication 5 ou la revendication 6, dans laquelle la region de liaison a I'an- 
tigene est d6rivee d'un anticorps murin. 

8. Fragment de liaison a I'antigene d'une immunoglobuline chimere selon Tune quelconque des revendications 5 a 
7 qui est un fragment Fab, Fab' ou F(ab') 2 , comprenant une r6gion variable murine sp6cifique du complexe r6- 

45 cepteur CD4 et une region constante humaine. 

9. Immunoglobuline chimere selon I'une quelconque des revendications 1 -3 et 5-7 ou fragment selon les revendica- 
tions 4 ou 8 presentant une haute affinite de liaison au CD4, ayant, par exemple, un Ka d'au moins 10 8 M" 1 , par 
exemple d'au moins 10 9 M* 1 . 

50 

10. Gene de fusion codant pour I'immunoglobuline chimere selon I'une quelconque des revendications 1-3, 5-7 et 9 
ou pour le fragment selon les revendications 4 ou 8. 

11. Vecteur d'expression contenant le gene de fusion selon la revendication 10 sous une forme exprimable. 

55 

12. Immunoglobuline chimere selon I'une quelconque des revendications 1-3, 5-7 et 9 ou fragment selon les reven- 
dications 4 ou 8 pour utilisation en thSrapie, par exemple dans le traitement de maladies auto-immunes, par exem- 
ple, de I'arthrrte rhumatoide et psoriatique, du SLE, de la sclerose en plaques et de la myastenie grave. 
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13. Utilisation de I'immunoglobuline chimere selon Tune quelconque des revendications 1 -3, 5-7 et 9, ou d'un fragment 
selon ta revendication 4 ou 8, ou du gene de fusion selon la revendication 10, ou du vecteur d'expression selon 
la revendication 1 1 , pour la preparation d'un medicament pour le traitement de maladies auto-immunes, par exem- 
ple, de t'arthrrte rhumatolde et psoriatique, du SLE, de la sclerose en plaques et de la myastenie grave. 

5 

Revendications pour les Etats contractants suivants : GR , ES 

1. Procede de preparation d'une immunoglobuline chimere specifique du CD4, comprenant une region de liaison a 
10 I'antigene qui n'est pas d'origine humaine et une region constante d'origine humaine, ladite immunoglobuline chi- 

mere 6tant : 

(1 ) capable d'induire un epuisement prolonge de cellules T CD4 + et / ou 

(2) apte a entrer en competition avec I'anticorps monoclonal M-T151 pour la fixation aux cellules CEM, ledit 
15 precede comprenant I'etape consistant a r£cuperer I'immunoglobuline exprim6e ou la chaine d'immunoglo- 

buline et comprenant eventuellement en outre les etapes consistant a : 

(a) doner les segments d'ADN codant pour les regions variables des chaines lourde et legere d'un anti- 
corps non humain specifique vis a vis du CD4 ; 
20 (b) relier au moins la partie fonctionnelle des segments d'ADN de (a) aux segments d'ADN respectifs 

codant pour les regions constantes des chaines lourdes et legeres humaines afin de produire un gene 
codant pour ('immunoglobuline chimere ; 

(c) exprimer le gene codant pour I'immunoglobuline afin de produire I'immunoglobuline chimere. 

25 2. Proceed selon la revendication 1 , dans lequel la region de liaison a I'antigene est d6riv6e d'une immunoglobuline 
murine anti-CD4. 

3. Precede selon la revendication 2, dans lequel la region de liaison a I'antigene est derived d'un anticorps mono- 
clonal. 

30 

4. Precede selon la revendication 1 , 2 ou 3, dans lequel I'immunoglobuline produite est un fragment de liaison a 
I'antigene de I'immunoglobuline chimere comprenant une region de liaison a I'antigene qui n'est pas d'origine 
humaine et au moins une partie d'une region constante d'origine humaine. 

35 5. Precede de preparation d'une immunoglobuline chimere comprenant : 

(i) au moins une chaine lourde chimere comprenant une region de liaison a I'antigene d6rivee d'une chaine 
lourde d'une immunoglobuline non humaine specifique du recepteur CD4 reli6e a au moins une partie d'une 
region constante d'une chaine lourde humaine, ladite chaine lourde etant associee a : 
40 (jj) au moins une chaine I6gere chimere comprenant une region de liaison a I'antigene d6rivee d'une chaTne 

legere de I'immunoglobuline non humaine reliee a au moins une partie d'une region constante d'une chaine 
I6gere humaine, ladite immunoglobuline chimere etant : 

(1 ) capable d'induire un epuisement prolonge de cellules T CD4 + et / ou 
45 (2) apte a entrer en competition avec I'anticorps monoclonal M-T151 pour ta fixation aux cellules CEM 

ledit procede comprenant I'etape consistant a recuperer I'immunoglobuline exprim6e ou la chaine d'immu- 
noglobuline et comprenant eventuellement en outre les etapes consistant a : 

50 (a) doner les segments d'ADN codant pour les regions variables des chaines lourdes et legeres d'un anticorps 

non humain specifique du CD4 ; 

(b) relier au moins la partie fonctionnelle de segments d'ADN de (a) aux segments d'ADN respectifs codant 
pour les regions constantes des chaines lourdes et legeres humaines afin de produire un gene codant pour 
I'immunoglobuline chimere ; 
55 (c) exprimer le gene codant pour I'immunoglobuline afin de produire I'immunoglobuline chimere. 

6. Precede selon la revendication 5, dans lequel I'immunoglobuline chimere est d'isotype IgGI, par example d'isotype 
kappa IgGI. 
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7. Proc^de selon la revendication 5 ou la revendication 6, dans lequel la region de liaison a I'antigene est derives 
d'un anticorps murin. 

8. Procede selon Tune quelconque des revendications 5 a 7, dans lequel rimmunoglobuline chimere est un fragment 
5 de liaison a I'antigene qui est un fragment Fab, Fab' ou F(ab') 2 comprenant una region variable murine specifique 

du complexe r6cepteur CD4 et une region constante humaine. 

9. Procedd selon Tune quelconque des revendications 1 -8, dans lequel rimmunoglobuline chimere, ou son fragment, 
pr§sente une haute affinite de liaison au CD4, ayant, par exemple, un Ka d'au moins 10 8 M -1 , par exemple d'au 

10 moins 10 9 M- 1 . 

10. Procede de preparation d'un gene de fusion codant pour rimmunoglobuline chimere telle que dSfinte dans I'une 
quelconque des revendications 1 -3, 5-7 et 9 ou pour un fragment tel que d6fini dans les revendications 4 ou 8, 
comprenant les etapes (a) et (b) telles que definies a la revendication 1 . 

15 

11. Proc6de de preparation d'un vecteur d'expression contenant le gene de fusion produit par le procede de la reven- 
dication 10 sous une forme exprimable, comprenant les etapes consistant a p rod u ire le gene de fusion selon le 
proced6 de la revendication 10 et a assembler ou inserer le gene de fusion dans un vecteur d'expression. 

20 12. Immunoglobuline chimere telle que definie dans Tune quelconque des revendications 1-3, 5-7 et 9 ou fragment 
tel que ddfini dans la revendication 4 ou 8 pour utilisation en therapie, par exemple, dans le traitement de maladies 
auto-immunes, par exemple, de I'arthrite rhumatoide et psoriatique, du SLE, de la sclerose en plaques et de la 
myastenie grave. 

25 13. Utilisation de rimmunoglobuline chimere telle que definie dans Tune quelconque des revendications 1-3, 5-7 et 9 
ou d'un fragment tel que defini dans la revendication 4 ou 8, ou du gene de fusion tel que defini dans la revendication 
10, ou du vecteur d'expression tel que defini dans la revendication 11 , pour la preparation d'un medicament pour 
le traitement de maladies autoimmunes, par exemple, de I'arth rite rhumatoide et psoriatique, du SLE, de la sclerose 
en plaques et de la myastenie grave. 

30 
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